Purpose The purpose of this study was to assess the feasibility, acceptability, and impact of a ballroom dance intervention on improving quality of life (QOL) and relationship outcomes in cancer survivors and their partners. Methods We conducted a pilot randomized controlled trial with two arms (Restoring Health in You (and Your Partner) through Movement, RHYTHM): (1) immediate dance intervention and (2) delayed intervention (wait-list control). The intervention consisted of 10 private weekly dance lessons and 2 practice parties over 12 weeks. Main outcomes were physical activity (Godin Leisure-Time Exercise Questionnaire), functional capacity (6 Minute Walk Test), QOL (SF-36), Couples' trust (Dyadic Trust Scale), and other dyadic outcomes. Exit interviews were completed by all participating couples. Results Thirty-one women survivors (68% breast cancer) and their partners participated. Survivors were 57.9 years old on average and 22.6% African American. Partners had similar characteristics. RHYTHM had significant positive effects on physical activity (p = 0.05), on the mental component of QOL (p = 0.04), on vitality (p = 0.03), and on the dyadic trust scale (p = 0.04). Couples expressed satisfaction with the intervention including appreciating the opportunity to spend time and exercise together. Survivors saw this light-intensity physical activity as easing them into becoming more physically active. Conclusions Light intensity ballroom dancing has the potential to improve cancer survivors' QOL. Larger trials are needed to build strong support for this ubiquitous and acceptable activity. Implications for cancer survivors Ballroom dance may be an important tool for cancer survivors to return to a physically active life and improve QOL and other aspects of their intimate life.
Introduction
Cancer survivors are at increased risk for progressive disease, second primary cancers, functional decline, and the development of other conditions including cardiovascular disease and diabetes [1] . Being physically active lessens these risks [2] [3] [4] [5] and improves physical functioning, fatigue, vitality, psychological and social well-being, and quality of life [6] [7] [8] [9] [10] [11] [12] . Notably, physical activity does not need to be strenuous to provide benefits; cancer survivors who adopt programs of light intensity activity exhibit less functional decline, lower levels of symptom interference, and better physical and mental health [13] [14] [15] . Despite these well-documented gains, survivors remain underactive [16] . Furthermore, despite cancer affecting loved ones [17, 18] , few health behavior interventions target both survivors and partners/spouses with the explicit goal of improving health outcomes for both, and, to our knowledge, no intervention seeks to increase both physical and mental health well-being of couples coping with cancer. Thus, developing interventions that support the transition from sedentary to active behaviors of cancer survivors and include both survivors and loved ones is important to alleviate the overall cancer impact.
A ballroom dancing program for couples coping with cancer may be a promising intervention for survivors and their partners. While the physiological effects of this aerobic activity depend on the dance style [19] , activities performed at intensity similar to ballroom dancing can improve quality of life in cancer survivors [12, 20] . Across healthy older and chronic disease populations, dance interventions are associated with positive physical, functional, and psychosocial outcomes that improve psychological well-being and overall quality of life [21] [22] [23] [24] [25] [26] . Ballroom dancing has the potential to favorably influence couples' relationships. Interpersonal/ intimacy concerns are a common unmet supportive care need among cancer survivors [27] . However, addressing partnership constructs such as spousal communication and intimacy, both possibly affected by ballroom dancing, leads to better quality of life [28, 29] .
In this paper, we report on a novel pilot project in which we delivered a 12-week program of ballroom dancing to evaluate its potential to improve quality of life and other outcomes of cancer survivors and their partners. Women who had completed treatment for cancer and their partners participated in a randomized controlled trial (RCT) to assess its feasibility, acceptability, and impact.
Methods
The Restoring Health in You (and Your Partner) through Movement (RHYTHM) project evaluated a ballroom dance intervention to increase physical activity and improve the quality of life of underactive cancer survivors and their partners. The project received approval from the Institutional Review Board of the University of Alabama at Birmingham. Study participants provided signed informed consent.
We recruited women who were at least 3 months postcompletion of their primary cancer treatment. After baseline assessment, they and their partners were randomized into one of two arms: (1) a ballroom dance intervention implemented immediately after a baseline assessment (Intervention) vs. (2) a wait-list control in which participants received no intervention for the first 12 weeks post-baseline and then received the same ballroom dance intervention (Control). We report results that compare several physical, psychological, and relationship outcomes at baseline and 12 weeks postbaseline for the Intervention vs. Control groups.
Theoretical framework
We hypothesized that a ballroom dance intervention would increase physical activity and improve relationships, and that, ultimately, it would lead to better physical, social, and psychological well-being for survivors and their partners/spouses. Our hypotheses were based in part on the cognitive interaction and intimacy model [30] , according to which the six qualities that characterize an intimate relationship are trust, knowledge, caring, mutuality, interdependence, and commitment. Ballroom dancing may affect several of these constructs by requiring verbal and non-verbal communication and alignment of goals, by promoting self-disclosure, by promoting physical touch and a shared enjoyable experience, by promoting joint, shared interactions, by encouraging couples to collaboratively Bshape^their dancing experience, and by fostering enduring commitment.
Intervention
The intervention consisted of 10 private 45-min weekly dance lessons and 2 group lessons (practice parties) over 12 weeks, with an experienced senior dance instructor at one Fred Astaire Studio®. The instructor arranged practice parties for RHYTHM participants only. Couples learned Foxtrot, Waltz, Cha-Cha, and East Coast Swing. These dances result in at least five metabolic equivalents (METs) per hour. Couples were expected to practice five times per week to increase their weekly levels of physical activity. Participants were asked to keep logs of these practice times: however, as these were not completed accurately, we did not include the data in this analysis.
Recruitment
Women were recruited from the UAB Comprehensive Cancer Center (CCC) or from lists of survivors who had expressed interest or had participated in other survivorship research. Invitation letters were mailed along with a RHYTHM brochure. Following the letter, RHYTHM recruiters from the Recruitment and Retention Shared Facility of the UAB CCC contacted women over the phone to assess their interest in participating.
Recruiters screened potential participants for eligibility, i.e., at least 19 years old, able to read and understand English, 3 months or more past their cancer treatment, married or in a romantic relationship for 12 months or more, not pregnant or planning to be pregnant, and not planning on moving more than 50 miles away during the project period. Women were eligible if they self-reported exercising <5 days/week for at least 30 min in the previous 6 months, not being in other physical activity studies, or not having participated in ballroom dancing or dancing lessons (>2 times per month for the previous 6 months). Women were physically able to participate, i.e., they did not self-report (i) recent leg fracture, rheumatoid arthritis, or bone, muscle, joint, or neurological problems; (ii) heart attack or unstable angina in the previous 6 months; (iii) leukopenia; (iv) history of, or medical condition, associated with dizziness; or (v) extreme fatigue. We administered the Fear of Falling Avoidance Behavior Questionnaire (FFABQ) and the Falls Efficacy Scale. Women were excluded if they reported avoiding activities such as walking or going upstairs for fear of falling, or low confidence that they could do normal life activities without falling. Partners were not eligible if women reported that they were not physically able to participate because of the four conditions above. Once deemed eligible, medical clearance was obtained from physicians who were asked to indicate whether the survivors and the partners had the conditions listed above, current cancer treatment or cancer recurrence, or uncontrolled hypertension (resting systolic blood pressure (BP) >160 mmHg or diastolic BP >100 mmHg).
Assessments
Assessments by blinded data collectors were conducted at a research clinic at baseline and 12 weeks. Outcomes were as follows:
1. Physical activity, as self-reported on the Godin LeisureTime Exercise Questionnaire (GLTEQ) which assesses leisure time physical activity during a 7-day period [31] 2. Functional capacity, as assessed by the distance traveled during the 6 Minute Walk Test [32] , a test that assesses submaximal exercise performance and capacity in clinical and healthy adults [33, 34] and proven valid (strongly correlated with peak VO2; r = 0.67) and reliable (ICC = 0.93) in cancer patients [35] 3. Quality of life, as assessed with the 36-Item Short Form Health Survey (SF-36), an eight-domain scale of functional health and well-being, with overall scores for physical and mental health [36] . The reliability (Cronbach's α > 0.85, reliability coefficient >0.75) and construct validity of the SF-36 have been established [37] . 4. Couples' trust, as assessed with the Dyadic Trust Scale, a measure of interpersonal trust in partnered relationships [38] 5. Dyadic adjustment, as measured with the short version of the Dyadic Adjustment Scale (DAS-7), which assesses happiness, level of agreement on topics (e.g., life philosophy), and frequency of time spent together (e.g., working together on a project) [39] 6. Perceived self-disclosure, as assessed with three questions on the degree of self-disclosure as it related to sharing thoughts, information, and feelings with their partner [40] Couples completed exit interviews at the conclusion of their RHYTHM participation to assess the acceptability of the program. Questions were open-ended and explored what they liked and disliked about the program, as well as the perceived benefits of participating.
Analysis
Descriptive statistics, including point estimates and 95% confidence intervals, were determined for all study variables. All analyses were carried out on an intent-to-treat basis. Unadjusted comparisons of the two RCT groups were performed using the two-group t test for continuous variables and the two-group chi-squared test for categorical variables. Paired t tests were used for unadjusted comparisons within RCT groups of the baseline vs. 12-week measures. The main analyses to assess the impact of the intervention consisted of adjusted comparisons between the RCT groups carried out using analysis of covariance (ANCOVA); the covariates included those for which there were relatively large differences across groups, namely, age, race, income, and education. Comparisons were not performed between survivors and partners. The effect size (Cohen's D) was provided for comparisons between the RCT groups, defined as the difference between the two groups' means divided by the common (pooled) standard deviation. Statistical tests were two-sided and were performed using a significance level of 5%. All statistical analyses were performed using SAS, version 9.4 (Cary, NC).
Results
Of 462 survivors who were married or in a romantic relationship, 65 (14.1%) were ineligible to participate ( Fig. 1 ): of them, only 4 (6.1%) were ineligible because they met physical activity recommendations. Among the remaining 397 survivors, 66 couples agreed to participate pending medical clearance (16.6%). Reasons for not participating included time constraints of survivors and/or the partner. Thirty-five were not enrolled because medical release forms were not returned.
Thirty-one couples were assessed at baseline and randomized, 15 to the Intervention and 16 the Control group (Fig. 1) . In the Intervention group, 80% completed the 10 dance lessons and attended at least one practice party. The 10 lessons were completed over a period of 14.7 weeks on average, with a maximum of 19 weeks.
Survivors were 57.9 years old on average, 22.6% African American, and 74.2% with college education (Table 1) . Partners were similar, but slightly older (60.7 years old on average). Survivors had survived on average 50.7 months from diagnosis; most (61.3%) had breast cancer, and more than 60% had a combination of surgery and chemotherapy, or surgery, chemotherapy, and radiation. Differences in baseline characteristics of participants in the two RCT arms were not statistically significant except for survivors in the Intervention group being more likely to report a college degree (93.3%) than survivors in the Control group (56.3%) (p = 0.04). However, some differences should be noted: for example, survivors in the Intervention group were more likely to be African American (33.3 vs. 12.5%) and to have incomes at or above $80,000 (73.3 vs. 64.3%) ( Table 1) . Two survivors in the Intervention group did not complete the follow-up assessment at 12 weeks because RHYTHM staff was unable to contact them. These were African American women who at baseline had lower physical and higher mental quality of life and similar vitality and dyadic outcomes as those who were not lost to follow-up (data not shown).
In the Intervention group, survivors showed significant improvements at 12 weeks in physical activity (p = 0.01), functional capacity (p = 0.03), in the mental component of quality of life (p = 0.01), vitality (p = 0.004), social functioning (p = 0.04), and mental health (p = 0.04), as well as marginally significant improvements in physical functioning (p = 0.09) and role emotional (p = 0.07) subscales (Table 2 ). In the Control group, survivors had significant changes at 12 weeks in bodily pain (p = 0.03) and a marginally significant improvement in functional capacity (p = 0.06) ( Table 2 ). Partners in both RCT groups did not show improvements over time in any of the main outcomes nor in SF-36 subscales, except for the partners in the Intervention group who showed an improvement in dyadic agreement and happiness (p = 0.04).
In our main analyses, we found a significant effect of the ballroom dance intervention on physical activity (p = 0.05, effect size 0.78), on the mental component of quality of life (p = 0.04, effect size 1.05), on vitality (p = 0.03, effect size 0.81), and on the dyadic trust scale (p = 0.04, effect size 0.58) ( Table 3 ). There was no significant effect of the ballroom dancing intervention for partners, except a marginally significant improvement in dyadic agreement and happiness (p = 0.11, effect size 0.36) ( Table 3) .
In exit interviews, couples expressed satisfaction with the intervention and praised the dance instructor who was perceived as very patient and accommodating. The main dislike was the location of the dance studio that was reported as inconvenient by many. Participants, especially the partners, were confused as to whether ballroom dancing could really be considered physical activity given its perceived light intensity. Survivors, however, appreciated the opportunity to ease into becoming more physically active. Both survivors and partners appreciated the opportunity to spend time together, to work toward a common goal, and to laugh together.
Discussion
Our pilot RHYTHM project of 31 couples coping with cancer provides important preliminary information on the feasibility, acceptability, and effects of a 12-week ballroom dancing program to improve several outcomes of cancer survivors. Most couples attended all the classes offered and were satisfied with the program. Survivors demonstrated increased physical activity and mental health aspects of quality of life. Most Fig. 1 CONSORT diagram notably, vitality improved, a construct with important implications for this population. The intervention may also have improved relationships for partners and appeared to facilitate the return to normal life in participating couples.
Our results are in line with recent literature beginning to demonstrate the potential of dance as a physical activity intervention for cancer survivors and align with literature demonstrating benefits of even light physical activity [13] [14] [15] . Dance appears to be well tolerated across the cancer continuum. In one study, cancer patients still in treatment who danced twice per week reported less fatigue, improved social and emotional functioning, and improved physical performance [41] . In RHYTHM, participants suggested that dance was attractive to someone who had recently been treated for cancer and could serve as a transition back to becoming more physically active. However, while the current literature supports approaches such as dance and movement therapies in improving survivors' outcomes, the research to fully demonstrate the effectiveness of this activity is still in its infancy and better guidance is needed to fully adopt dance interventions as tools to improve the lives of survivors and their loved ones [42] .
Our results demonstrate that ballroom dancing, even with only one weekly dance lesson and practice at home, has the potential to be more than a physical activity intervention and to impact various quality-of-life aspects of cancer survivors. In particular, we found large effect sizes for the impact on mental health: based on studies of other chronic conditions, the changes we found indicate clinically important improvements [43] [44] [45] . The impact of the RHYTHM intervention on vitality is particularly important. Vitality is closely related to fatigue, one of the most persistent long-term symptoms among cancer survivors, and the symptom that greatly interferes with a There were no significant differences between intervention and control group at baseline b Based on n = 29 for survivor and n = 30 for partner Table 2 Pre-to post-intervention functional capacity, physical activity, and quality of life of RHYTHM participants (mean (SD)) everyday functioning [46] . In other chronic disease populations, a one-point lower score on the SF-36 vitality scale was clinically significant and associated with an increased risk of hospitalization and being unable to work [47] . Therefore, an improvement in this construct may have significant implications for cancer survivors. Further investigations of these effects in a larger trial are warranted. Survivors and partners found the RHYTHM intervention acceptable. Most couples completed all lessons in a reasonable amount of time close to the 12 weeks planned for the project, suggesting that this is a feasible duration for a program of dance lessons. Overall, participants were satisfied with their participation in RHYTHM and often surprised at how much they enjoyed doing this activity with their loved one. A minority of couples did not finish all their lessons: while we did not document the reasons for this, the instructor was flexible and rescheduled lessons as needed, a feature appreciated by the couples. However, by design, we had constraints in rescheduling and when to consider a lesson missed. In programs outside research studies, these constraints may not apply. From the exit interviews, we learned important lessons for future studies of dance interventions. For example, we learned that it is important to minimize travel time to a dance studio. The fact that we only worked with one dance studio may have affected recruitment and attendance of the dance lessons. Recruitment proved challenging in part due to the inconvenient location of the dance studio but also to the limited resources available for advertising and recruiting. Future efforts should consider and offer alternative dance studios if the population is spread across large areas. Perhaps most importantly, recruitment may have been challenged by the perception of ballroom dancing not being a strenuous physical activity and, as such, not having potential for quality-of-life improvement. In future studies, it will be important to educate both survivors and partners about the importance of light physical activity or to introduce dance not as a physical activity but as a quality of life enhancing intervention. This may alleviate another challenge we encountered related to stimulating the interest of the partner, a challenge that fell on the survivor. Future studies may also consider alternative recruitment strategies that also directly involve and engage the partner. Other lessons learned from this project include one about community businesses' willingness and ability to partner in research studies. As part of the studio's practice, for example, the instructor called and reminded individuals of appointments and tracked attendance, an activity that traditionally falls on research staff. He also collected practice logs and was flexible in accommodating participants' desires by adding group sessions.
Among survivors contacted for participating in RHYTHM who were eligible to participate, only a small proportion agreed to participate (16.6%) and an even smaller one enrolled in the study (7.8%). This is not uncommon for behavioral interventions for cancer survivorship and/or couple-based research in which survivors are recruited from cancer registries [48] [49] [50] [51] [52] . In a review of three diet and exercise intervention studies in cancer survivors, for example, the pooled participation uptake was only 11% of survivors approached, with some differences by demographic group and study [52] . These interventions were mainly home-based, thus not requiring attendance to gyms or other exercise venues. In our project, survivors and partners were required to travel to the dance studio and to the research clinic for assessments. Participation required the coordination of needs and schedules of two people, and while a number of women declined to participate because of their own lack of interest, physical limitations, or busy schedules, another group did not participate due to the husbands' or partners' schedules, limitations, or lack of interest. Thus, the low uptake we observed may in part reflect a lack of interest in dance interventions but also the challenge in participating in research studies in general. Other requirements of the protocol, for example, having to obtain medical clearance from a physician, added to the challenge of engaging participants. Future studies may overcome these specific challenges by having simpler methods of obtaining clearance to participate.
Our study has some limitations. First, our sample size, while adequate to assess feasibility, was limited to demonstrate the effectiveness of the RHYTHM intervention. Second, the Bdose^of physical activity was minimal at only one 45-min lesson per week. While survivors were requested to practice at home and keep a log, supervision of these activities, and thus of their compliance with the program requirements, was not possible and the amount of time spent practicing is unknown. This represents a limitation of our assessment of feasibility. Future studies should consider using other objective measures of physical activity such as measuring it with accelerometers. Moreover, the dance instructor discouraged practicing at home until a few lessons had occurred and students were more confident about the steps learned. Third, given the high proportion of participants with high incomes and education, results may not generalize to a general survivor population. Lastly, multiple comparisons were performed.
Despite these limitations, this project pilot-tested the RHYTHM intervention with a rigorous study design, enrolled a diverse group of survivors and their partners, and demonstrated the potential of a light-intensity ballroom dancing intervention to improve the life of cancer survivors and the relationship with loved ones. Given these preliminary results, the effectiveness of this widely available quality-of-life intervention must be demonstrated in adequately powered studies. Dance studios are located throughout the USA, and low-cost or no-cost dance opportunities are available in the community, making this an intervention easily accessible for cancer survivors. Moreover, the effectiveness across groups of survivors must be established, for example, among survivors with some level of compromised physical and mental well-being. Results will provide survivors, partners, and healthcare providers with specific guidance on how to use ballroom dancing to address challenges in survivorship at the individual and couple level.
